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Background: Social mobility is defined as the co-occurrence of self-directed locomotion 
and direct peer interaction. Social mobility is a product of dynamic child–environment 
interactions and thus likely to vary across contexts (e.g., classroom, gymnasium, and 
playground).
Purpose: The purpose of this present study was to examine differences in children’s 
social mobility: (1) across contexts by age and (2) between non-disabled and disabled 
children.
Method: Participants (n = 55 non-disabled and three disabled children; Mage = 3.1 years, 
SD = 1.4) were video recorded within a university-based early learning center. Children 
were recorded for 20  min in each context: classroom, gymnasium, and playground. 
A 15-s momentary time sampling method was used to code social mobility, the simulta-
neous occurrence of self-directed locomotion, and direct peer interaction. This variable 
was calculated as percent time within each context.
results: A planned Friedman’s rank ANOVA (n = 55), stratified by age, indicated that 
older children (3–5 years old) differed across contexts in their social mobility [χ2(2) ~ 7.3–
10.5, p < 0.025], whereas younger children (1–2 years old) were similar across contexts. 
Social mobility was significantly lower in the classroom compared with the playground 
and gymnasium (with no difference between the latter contexts) for older children. 
Visual analysis confirmed that disabled children (n =  3) engaged in substantially less 
time in social mobility (average 0–1%), compared with non-disabled, age-similar peers 
(2–3 years old average 1–12%) across all contexts.
conclusion: A substantial gap exists between non-disabled and disabled children 
for social mobility. There is an increase in magnitude and variability of social mobility 
around age three that suggests the gap between non-disabled and disabled children will 
continue to widen.
Keywords: locomotion, disability, early intervention, physical activity, play behaviors
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inTrODUcTiOn
Development in childhood is dynamic, non-linear, and embed-
ded within day-to-day experiences (1). The dynamic systems 
perspective of child development illustrates this complexity as 
an interaction between constraints at the individual level (e.g., 
body function and structure, motivation), interpersonal level 
(e.g., caregiver and peer social relationships, attachments), and 
environmental level (e.g., accessibility for exploration and engage-
ment) (1). Another related concept that can be applied to child 
development is grounded cognition, which places an emphasis on 
an individual’s engagement in perceptual-motor experiences and 
their formative role in children’s developmental trajectory across 
cognitive, social, and communication domains (2). Both dynamic 
systems and grounded cognition illustrate how the intersection 
of developmental domains within children’s daily life shapes and 
defines their health and well-being. Physical activity is one type 
of perceptual-motor experience that has been linked to social 
interactions (3).
Physical activity engagement is a dynamic and interactive 
experience for children (4, 5). Physical activity is defined as 
“…any bodily movement produced by skeletal muscles resulting 
in energy expenditure” [(4, 6), p. 126]. However, an alternative 
and multidimensional definition of physical activity that captures 
the social component of movement has emerged. It describes 
physical activity as the “individual agency of activity related to 
movement, in relation to energy expenditure and social engage-
ment” (i.e., voluntary, self-directed, and purposeful exploration 
and play) (7, 8). A substantial gap exists between non-disabled 
and disabled children in frequency, duration, and intensity of 
physical activity (3, 9). Limited research has examined how physi-
cal activity, social interactions, and play are interrelated during 
early childhood (10, 11).
Emergent research has examined the relationship between 
physical activity and social interactions in toddlers (10). 
Longitudinal data have shown spikes in the development of social 
interactions with mothers (e.g., vocalization and gesturing) and 
object use following achievement of motor milestones such as 
crawling and walking (12–14). Delays in gross motor develop-
ment are analogously predictive of less mature forms of social play 
and language in later childhood (11, 15, 16). This research has lent 
to a consensus that motor skills emerge prior to, and are positively 
related to the future development of social and communication 
skills (10, 16, 17). A critical aspect that remains unknown is the 
co-occurrence of these behaviors in terms of developmental tra-
jectories using time-locked observations. This knowledge would 
further our understanding of how these domains intersect and 
influence development at the moment-to-moment level that is 
emphasized by dynamic systems theory and grounded cognition.
This project is an extension of the original work published 
by Logan et  al. (3). Logan et  al. (3) explored the time-locked 
co-occurrence of physical activity and social interactions in 
2-year-old non-disabled children (n =  23), alongside disabled 
children (n =  2), while engaged in routine experiences within 
an early learning center. Physical activity was broadly defined 
to include trunk and limb movements and/or locomotion (i.e., 
moving at least three feet in any direction). Social interactions 
were defined to include parallel play (i.e., children within three 
feet of each other but not directly interacting), direct peer 
interaction, and direct adult interaction. Results suggest that the 
two disabled children engaged in less frequent and less variable 
physical activity and social interactions, and these behaviors were 
less likely to co-occur in comparison to non-disabled children. 
This research provides initial insight into the dynamic nature 
of physical activity and play behaviors and highlights potential 
disparities between non-disabled and disabled children that we 
should aim to minimize via intervention, assistive technology, 
and community design.
The current study is a follow-up to the original work of Logan 
et  al. (3) and includes 55 non-disabled children age 1–5  years 
old and three disabled children. The data of 21 2-year-old non-
disabled children and 2 disabled children (Child A and B) from 
Logan et  al. (3) are included in the current study. The current 
study extends Logan et  al. (3) in three ways. First, the current 
study focuses on a specific behavior termed “social mobility,” 
defined as children’s simultaneous engagement in self-directed 
locomotion and direct peer interaction. In the original work, 
the occurrence and co-occurrence of physical activity, play, and 
object-use behaviors were reported but social mobility behaviors 
were not reported. Second, the current study examines social 
mobility behaviors separately across three contexts of the child-
care setting (classroom, gymnasium, and playground). In the 
original work, physical activity, play, and object-use behaviors 
were combined across childcare settings and were not reported 
separately. Third, a wider age range of non-disabled children 
is included (1–5 years old). In the original work, only 21 non-
disabled 2-year-old children were included. The specific aim of 
the present study is to examine the differences in children’s social 
mobility (1) across contexts by age and (2) between non-disabled 
and disabled children. It is hypothesized that the occurrence of 
social mobility will vary across contexts and be greater among 
older children. Further, it is hypothesized that disabled children 
will engage in social mobility less often than non-disabled chil-
dren across all contexts.
MaTerials anD MeThODs
Participants
Participants included 55 non-disabled children aged 1–5  years 
old (M =  3.1  years, SD =  1.4  years; 29 females). There were a 
similar number of children within each age group: 1-year old 
(n = 10), 2-year olds (n = 11), 3-year olds (n = 9), 4-year olds 
(n = 13), and 5-year olds (n = 12). Participants’ parents reported 
their ethnicities as: Caucasian (47%), African-American (39%), 
Asian (12%), and Middle Eastern (2%).
Participants also included three disabled children. They will 
be referred to as “Child A,” “Child B,” and “Child C” to protect 
their identities. Cognitive function was not measured for any par-
ticipants, thus we cannot rule out a cognitive influence on each 
child’s behaviors observed for the present study. Child A was a 
Caucasian girl (age = 31 months old). Her primary diagnosis was 
cerebral palsy (Gross Motor Function Classification System – level 
IV) with secondary diagnoses of microcephaly, hypotonia, and 
cortical vision impairment/persistent fetal vascular syndrome. 
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She had the ability to interact with cause-and-effect toys such as 
those that light up or make sounds. She could also distinguish 
between different types of animals and colors. Furthermore, she 
was able to recognize and respond to different people such as 
her teacher, physical therapist, and parent/caregivers. She had 
the ability to roll on the floor and to sit on the floor with close 
supervision and hands-on support but was unable to pull to stand 
or walk (even with use of assistive technology). She used a manual 
wheelchair throughout the day for her seating and positing needs 
but required adult assistance for propulsion. She vocalized often, 
but did not say words. Child A received services related to lan-
guage, fine and gross motor, and cognitive skills.
Child B was an African-American boy (age = 33 months old). 
His primary diagnosis was developmental delay with secondary 
diagnoses of mild hearing loss in the left ear and epilepsy (type: 
electrical status epilepticus during sleep). Similar to Child A, he 
responded to cause-and-effect toys and had the ability to catego-
rize objects and responded to the people with whom he interacted 
with on a regular basis. He also had the ability to respond to and 
follow instructions, although there were demonstrated behavio-
ral issues related to self-regulation. He was able to independently 
sit, stand, and walk without assistance. However, his movements 
were ataxic, and he usually required physical and/or verbal 
prompts and assistance to initiate movements. He vocalized often 
but said few words – generally names of people or objects. Child 
B received services related to language and gross motor skills.
Child C was an Asian boy (age = 4.1 years old). His medical 
history includes diagnoses of ventricular septal defect, bilateral 
clubfeet, and bilateral peroneal neuropathy. At 44 months of age, 
he underwent surgery to treat a tethered spinal cord. He wore 
solid bilateral ankle foot orthoses and used forearm crutches for 
mobility. He walked without assistance using forearm crutches 
over a variety of surfaces – hallway, grass, mulch, inclines, and 
declines. He received physical therapy services twice weekly, 
and his family received consultation once per month per his 
individualized education plan. The focus of physical therapy was 
to improve trunk, upper extremity, and lower extremity strength 
within the context of promoting function and participation 
within life situations. Child C did not receive services related to 
language, fine motor, or cognitive skills.
Procedure
The study procedure for the current study is reported in detail 
elsewhere (3). Approval from the university Institutional Review 
Board and written parent/guardian consent was obtained prior to 
data collection. In brief overview, children were video recorded 
while attending a university-based early learning center. Each 
child was video recorded for 20  min while engaged in routine 
activities in the classroom, gymnasium, and playground (i.e., 
60 min total). The three disabled children were recorded for an 
extended time of 60 min per context. Physical activity and social 
interactions were assessed via video analysis and direct observa-
tion measures.
Observational behavioral coding was conducted by an 
experienced coding team, with an 85% intra- and inter-rater 
agreement established for 10% of recordings a priori using the 
ratio of [agreements/(agreements +  disagreements) ×  100] to 
establish a percentage of agreement. A 15-s momentary time 
sampling method was used to code the occurrence of locomotion, 
peer interaction, and social mobility. This method includes a 5-s 
observation period and 10-s record period that results in four 
observations per minute. Each non-disabled child had approxi-
mately 240 total behavioral observations evenly divided between 
the classroom, gymnasium, and playground. Each disabled child 
had approximately 720 total behavioral observations evenly 
divided between the classroom, gymnasium, and playground.
Behavioral assessment
Assessment of Locomotion
The observed system for recording physical activity in children-
preschool version (18) was used to assess children’s physical 
activity intensity level. Intensity categories included stationary/
motionless, stationary with trunk and limb movement, slow-easy, 
moderate, and fast movement. Locomotion was defined as three 
steps, or the equivalent, in any direction using any modality 
(walking, crawling, or running), at any intensity level (slow, 
moderate, or fast).
Assessment of Social Interaction
The Howes Peer Play Scale (19) was used to assess play behaviors 
including solitary play, parallel play, peer interaction, and teacher 
interaction (verbal or physical). Parallel play occurred when a 
child is within close proximity (<3 feet) to a peer or teacher but 
is not directly interacting. Peer interaction includes direct verbal 
and/or physical interaction that is initiated by or directed toward 
the key child by a peer.
Assessment of Social Mobility
Social mobility was defined as the simultaneous co-occurrence 
of self-directed locomotion and direct peer interaction, and 
operationalized as percent of assessment time observed.
Planned Data analysis
It was expected that data would violate the underlying assump-
tions of normality and homogeneity given developmental 
variability within this age group, the small sample size, and 
our ordinal outcome variable (percent time spent in social 
mobility). Thus, a planned non-parametric statistical approach 
is described below and was conducted using SPSS (version 22, 
2013). Statistical methods are not presently available to compare 
individuals to the group; therefore, visual analysis was used to 
compare non-disabled and disabled children. This approach 
offers valuable insight into real-world experiences of observed 
behaviors between non-disabled and disabled children in their 
natural settings (3).
Our planned analysis to examine social mobility across 
contexts and age groups (aim 1) was threefold. First, Spearman’s 
correlations (rho) were calculated to examine the association 
between age in years and social mobility, independent of context. 
Significant correlations between age in years and social mobility 
supported subsequent analyses conducted with data stratified 
by age. Second, a Friedman’s analysis of variance by ranks test 
was conducted to examine group differences in social mobility 
rankings across contexts and within stratified age groups. Post hoc 
FigUre 1 | comparison of mean social mobility (% time) across 1- to 
5-year-old age groups and contexts (classroom, gymnasium, and 
playground) and in relation to individual disabled children (child a, B, 
and c).
TaBle 1 | social mobility (% time) group means, sD, se, mean rank, and 
results of Friedman’s rank Test contexts by age.
age context N Mean Mean rank
Mean sD se
1 Classroom 10 1.1 0.8 0.3 1.5
Gymnasium 10 3.3 2.4 0.8 2.3
Playground 10 2.7 2.6 0.8 2.2
χ2(2) = 3.80, ω = 0.19, 
p = 0.15
2 Classroom 11 3.3 3.3 1.0 1.4
Gymnasium 11 6.7 3.9 1.2 2.3
Playground 11 6.0 4.5 1.4 2.3
χ2(2) = 5.90, ω = 0.27, 
p = 0.05
3 Classroom 9 1.0 0.8 0.3 1.3
Gymnasium 9 12.2 9.0 3.0 2.4
Playground 9 8.0 7.4 2.5 2.3
χ2(2) = 7.37, ω = 0.41, 
p = 0.03*
4 Classroom 13 2.8 2.7 0.7 1.38
Gymnasium 13 12.9 9.6 2.7 2.23
Playground 13 13.0 11.8 3.4 2.38
χ2(2) = 7.84, ω = 0.30 
p = 0.02*
5 Classroom 12 2.5 1.9 0.6 1.25
Gymnasium 12 24.3 20.3 5.9 2.25
Playground 12 23.7 15.7 4.5 2.50
χ2(2) = 10.50, ω = 0.44, 
p < 0.01*
Total Classroom 55 2.2 2.3 0.3 1.4
Gymnasium 55 12.3 13.2 1.8 2.3
Playground 55 11.2 12.3 1.7 2.3
χ2(2) = 34.065, ω = 0.310, 
p < 0.001*
Not inclusive of disabled children, mean rank based on % time of individual children 
within given age group (Friedman’s Rank Sum Test).
*Significant at an a priori alpha = 0.05.
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comparisons were calculated (Pairwise Wilcoxon sum rank tests). 
Third, a Spearman’s correlation (rho) was calculated to examine 
the association between individual social mobility rankings across 
contexts relative to age-similar peers. The strength of the correla-
tion coefficients were interpreted based on Cohen’s d guidelines 
(small = r > 0.10; moderate = r > 0.30; and strong = r > 0.50) 
(20). Visual analysis of the three disabled children allowed for 
comparison to non-disabled children across contexts and age 
groups (aim 2).
resUlTs
The Shapiro–Wilks test indicated that the data significantly 
deviated from a normal distribution for all contexts (classroom: 
W =  0.80, p <  0.001; gymnasium: W =  0.80, p <  0.001; play-
ground: W = 0.82, p < 0.0001). The normality assumption was 
also violated when tested within specific age sub-groups. The 
Levene’s statistic indicated that the variance of the data for each 
context was significantly heterogeneous (classroom: W =  0.80, 
p  <  0.001; gymnasium: W  =  0.80, p  <  0.001; playground: 
W = 0.82, p < 0.001). As anticipated, a non-parametric approach 
with stratified age groups and exclusion of disabled children from 
group analysis was required to address our specific aims.
On average, children spent the greatest percentage of time in 
social mobility within the gymnasium (M = 11.8%; SD = 13.2%), 
compared to the playground (M = 10.8%; SD = 12.3%) and the 
classroom (M = 2.2%; SD = 2.3%). Similar trends were observed 
when stratified by age (Table 1; Figure 1). This indicates that the 
average time spent engaged in social mobility varies by context, 
regardless of children’s age.
A significant rank order Spearman’s rho correlation between 
age and social mobility was observed within the gymnasium 
[rs (54) =  0.48, p <  0.001] and the playground [rs (54) =  0.55, 
p <  0.001]. A non-significant Spearman’s rho correlation was 
observed within the classroom [rs (54) =  0.22, p >  0.05]. This 
indicates that significant, moderate to strong relationships exist 
between age and social mobility in the gymnasium and the play-
ground. Therefore, subsequent analyses were conducted using 
age-stratified groups.
A Friedman’s analysis of variance by ranks test revealed a sig-
nificant difference in rankings of children’s social mobility across 
contexts for age groups 3, 4 and 5 years [3-year olds: X2 (2) = 7.37, 
ω = 0.41, p < 0.05; 4-year olds: X2 (2) = 7.84, ω = 0.30, p < 0.05; 
5-year olds: X2 (2) = 10.50, ω = 0.44, p < 0.01] (Figure 1). Mean 
rankings of 1- and 2-year olds did not differ across contexts 
(Figure 1). This indicates that older children (3- to 5-year olds) 
differ across context in the percentage of time spent engaged in 
social mobility, whereas younger children (1- and 2-year olds) 
tend to be similar in social mobility regardless of context.
Post hoc Pairwise Wilcoxon Sum Rank tests were conducted to 
examine specific differences in social mobility between contexts 
for older age groups 3- to 5-year olds. Our analysis revealed that 
social mobility in the classroom was significantly lower than in 
both the gymnasium and on the playground for all older children 
(see Table 2). Social mobility did not significantly differ between 
the playground and the gymnasium for any of the older age 
groups (see Table 2). This indicates that, among older children, 
TaBle 2 | Wilcoxon pairwise comparisons.
age gymnasium vs. 
classroom
Playground vs. 
classroom
Playground vs. 
gymnasium
3 Z =  −2.497, p = 0.013* Z = −2.547, p = 0.011* Z = −0.866, 
p = 0.386
4 Z = −2.760, p = 0.006* Z = −2.830, p = 0.005* Z = 0.00, p = 1.00
5 Z = −2.824, p = 0.005* Z = −2.903, p = 0.004* Z = −0.078, 
p = 0.937
*Significant at an a priori alpha = 0.05.
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social mobility engagement is similar within the gymnasium and 
playground, with the percent of time in social mobility in both 
these contexts being significantly greater than in the classroom.
The individual data points for social mobility of the three 
disabled children were plotted against the mean for each age 
group of typically developing peers (Figure  1). Visual analysis 
of this graph revealed a disparity in social mobility, regardless of 
context, relative to age-similar non-disabled children. However, 
the disabled children (aged 2–4 years) displayed trends in their 
variability of social mobility across contexts similar to younger 
peers. In other words, the individual disabled children did not 
differ in their time spent in social mobility between contexts, a 
trend consistent with 1- and 2-year-old non-disabled children 
(Figure 1). Of concern, increased social mobility in the gymna-
sium and on the playground was not observed for the 4-year old 
with a disability, as would be expected based on trends observed 
for age-similar peers. This indicates that disabled children may 
experience increasing gaps in social mobility compared to non-
disabled children as they age.
DiscUssiOn
The present study describes the differences in children’s social 
mobility: (1) across contexts by age and (2) between non-disabled 
and disabled children. Our analysis indicated that the average 
social mobility within each context significantly differed by age. 
Older children spent a greater percent of time engaged in social 
mobility compared to younger peers. These results are consistent 
with our primary hypothesis. Additionally, younger and older 
children differed in the variability of social mobility across con-
texts. Among younger children, the time spent in social mobility 
was comparable in the classroom, gymnasium, and playground, 
whereas older children spent significantly more time engaged in 
social mobility within the gymnasium and playground than in 
the classroom. In support of our second hypothesis, disabled chil-
dren engaged in less social mobility compared to non-disabled 
children within all contexts, with evidence that this gap increases 
with age.
The variability of social mobility for older, but not younger 
children, across contexts is consistent with expected develop-
mental trajectories in the motor and social domains. On aver-
age, the onset of self-directed locomotion occurs between 10 
and 14 months of age for non-disabled children (21). Children 
continue to advance in several skills within the motor domain 
across early childhood. Advancements from basic to more 
advanced cognitive and language skills similarly emerge during 
early childhood (17, 22). Children simultaneously advance in 
the quality of their self-directed movement from one place 
to another, their use of this self-directed locomotion for more 
advanced social interactions, and in maturity of their language 
and social skills (23). This transition is also reflected in the shift 
from primarily engaging in parallel play – individual play in the 
presence of a peer without direct interaction – that is observed 
among young toddlers, to interactive peer play during preschool 
years (3). However, comparable social mobility in the classroom 
between 3- and 5-year olds suggests that developmental trajecto-
ries accounts only partially for this behavior.
The observed differences across contexts for older children 
align with the dynamic systems and grounded cognition frame-
works. Children are expected to interact dynamically with, and 
be influenced by contextual and intra- and interpersonal fac-
tors. For the observed children, the physical space dimensions, 
tasks provided, and teacher expectations in the classroom likely 
contributed to the reduced social mobility. Alternatively, the 
gymnasium and the playground share environmental similari-
ties in terms of physical space to run and play, the presence of 
developmentally appropriate equipment and structures, and the 
opportunity to engage in tasks involving greater physical activity 
and verbal interaction. There also tend to be more open play and 
encouragement for peer interaction within these activity settings. 
There is a need to identify the key aspects of the environment that 
facilitate and hinder physical activity and social interactions to 
further support the development of social mobility as children 
age. Our results indicate the need to also consider characteristics 
unique to each age group in future discussions on this topic.
At an individual level, children who demonstrate high levels of 
social mobility are likely to move and engage more across all con-
texts. Disabled children, however, may engage in these behaviors 
less than their non-disabled peers, regardless of context. There is 
also an evident shift in social mobility behaviors relative to age, 
with younger children demonstrating less social mobility than 
older children. Thus, the gap between non-disabled and disabled 
children may continue to widen in early childhood as the norma-
tive bar is raised, and as physical play environments incorporate 
more complex and potentially inaccessible activities.
limitations and Future research
There are limitations of the current study. This study used a 
cross-sectional research design. This is an important first step in 
describing social mobility behaviors of children, yet only provides 
a snapshot in time regarding the individual and group differences 
of the social mobility behaviors of children. Future research may 
include the use of a longitudinal research design that will allow 
for the observation of the emergence and developmental trends 
of social mobility. Also, we did not formally assess cognition 
for the children in this study, so it is not clear if/how cognition 
impacted children’s social mobility. It is possible that children 
with differing cognitive abilities may engage differently in social 
mobility. Future research can address this question by including 
a larger sample size of children with a variety of cognitive and 
physical abilities to determine how these abilities may influence 
the children’s engagement in social mobility. Another limitation 
is the low sample size (n = 3) of disabled children. It is important 
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to acknowledge the heterogeneity inherent in the wide range of 
disabilities of disabled children that were included in the current 
study. Results should be interpreted cautiously and without gen-
eralization to larger populations. It is difficult to conduct studies 
with a large sample size of disabled children in real-world settings 
such as early childcare centers. Further, fully inclusive practices 
are not well established in a majority of early childcare settings, 
therefore. curriculum design, teacher training and education, and 
environmental design may also be factors that influence social 
mobility for disabled children in particular (24–26). Future 
research may continue to examine the role of the environment, 
such as accessibility of play structures and toys, as well as the 
role of early childcare professionals to facilitate social mobility 
opportunities for disabled children.
cOnclUsiOn
In the original work of Logan et  al. (3), co-occurrences of 
specific physical activity types and levels were reported with 
play behaviors, including parallel play, peer and teacher inter-
actions. The current work reports the specific and time-locked 
co-occurrence of children’s simultaneous engagement in self-
directed locomotion and direct peer interaction. Results of the 
current study extend the findings of Logan et al. (3) by providing 
a better understanding of how locomotion specifically facilitates 
peer interaction, rather than play behaviors at a broad level. 
The findings from this study suggest that children’s individual 
social mobility differs by context. Specifically, a child’s social 
mobility level in the classroom is distinctly different from their 
engagement level within settings that are less guided by adults 
and that allow for increased movement, vocalization, and play, 
such as the gymnasium or playground. Further, disabled children 
display less social mobility behaviors, regardless of context, when 
compared to non-disabled children. The gap in participation 
between these groups is expected to increase with time. Future 
studies are needed to examine the impact of social mobility on 
future health and developmental outcomes, as well as to examine 
the environments and interactions, external to the child, that 
influence these behaviors. The long-term goal is to identify 
mechanisms that facilitate the development of motor and social 
skills among children, enhance movement and social interac-
tions, improve inclusive practices and accessible environmental 
designs, and ultimately reduce the gap in participation between 
non-disabled and disabled children.
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